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Structured	Abstract	27	
Purpose:	In	post-myocardial	infarction	(MI)	patients	with	preserved	LV	ejection	fraction	28	
(>45%),	the	effect	of	cardiac	rehabilitation	(CR)	exercise	training	on	left	ventricular	(LV)	29	
structure	and	function	is	unknown.	We	therefore	sought	to	examine	the	reverse	LV	30	
remodelling	effect	of	CR	exercise	training	in	this	increasingly	prevalent	population.	31	
Methods:	Within	3-6	weeks	of	MI,	and	10	weeks	later,	echocardiography	and	cardiopulmonary	32	
exercise	testing	were	performed	in	a	cohort	of	asymptomatic,	non-ischemic	patients	with	LV	33	
ejection	fraction	>45%.	An	exercise	training	group	(n=33)	completed	twice	weekly	gym	based	34	
cardiovascular	exercise	at	60-80%	VO2	peak,	and	a	standardised	resistance	training	35	
programme,	whilst	a	non-exercise	group	(n=17)	did	not.	NT-pro-BNP	was	measured	in	a	36	
subgroup	of	exercise	training	participants	at	baseline	and	at	the	end	of	the	10	week	37	
programme.	38	
Results:	In	comparison	to	the	non-exercise	group,	in	which	there	was	no	change,	10	weeks	of	39	
exercise	training	increased	VO2peak	and	reduced	LV	end	diastolic	and	systolic	volumes	(all	40	
P<0.05	vs	non-exercise	group).	Resting	NT-pro-BNP	was	reduced	in	the	sub-group	of	exercise	41	
training	participants	(P<0.01)	and	correlated	positively	with	the	change	in	LV	end	diastolic	42	
volume	(r	=	0.58,	P<0.01,	r
2
	=	0.33).	43	
Conclusion:	In	post-MI	patients	with	preserved	LV	ejection	fraction	(>45%),	CR	exercise	44	
training	is	effective	in	improving	functional	capacity	and	reducing	LV	volumes.	In	this	45	
previously	unstudied	population,	the	measurement	of	reverse	LV	volumetric	remodelling	may	46	
prove	useful	as	an	indicator	of	CR	exercise	programme	efficacy.	To	maximise	the	potential	47	
clinical	benefit	from	reverse	LV	remodelling,	this	patient	group	should	be	actively	encouraged	48	
to	engage	in	CR	exercise	training.	49	
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Condensed	abstract	50	
Following	10	weeks	of	Cardiac	Rehabilitation	(CR)	exercise	training	in	a	cohort	of	post-MI	51	
patients	with	preserved	LVEF	(>45%),	exercise	capacity	was	improved	and	LV	volumes	reduced.	52	
For	potential	prognostic	gain,	this	increasingly	prevalent	and	often	overlooked	post-MI	53	
population	should	be	encouraged	to	attend	structured	CR	exercise	training	programmes.	54	
	55	
56	
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Introduction	56	
Myocardial	infarction	(MI)	is	associated	with	molecular	disarray,	myocyte	hypertrophy	and	57	
extra-cellular	matrix	degradation,	resulting	in	pathologically	increased	left	ventricular	(LV)	58	
mass	and	volume	and	altered	LV	geometry
1
.		The	process	of	LV	remodelling,	characterised	by	59	
structural	maladaptation	and	functional	decline,	begins	with	the	onset	of	acute	MI	and	is	60	
chronically	driven	by	systemic	neurohormonal	activation
2
.		Mortality	is	closely	linked	to	the	61	
nature	and	extent	of	LV	remodelling	and	also	to	the	degree	of	concurrent	neurohormonal	62	
activation
3,	4
.		Specifically,	increased	LV	volumes	and	reduced	LV	ejection	fraction	(LVEF)	are	63	
exponentially	associated	with	poor	prognosis
5
,	presenting	clinicians	with	a	clear	rationale	for	64	
attenuating	or	reversing	this	process.	In	post-MI	patients,	pharmacological	and	65	
electrophysiological	interventions	improve	cardiovascular	and	all-cause	mortality
6,	7
.	Despite	66	
this,	in	the	first	two	years	after	MI,	mortality	of	greater	than	25%	can	be	expected	in	patients	67	
with	baseline	LVEF	of	31-40%,	compared	to	less	than	15%	when	LVEF	exceeds	50%
5
.		It	is	68	
important	therefore	to	consider	adjunctive	therapeutic	strategies,	such	as	cardiac	69	
rehabilitation	(CR)	exercise	training	that	may	enhance	the	reverse	LV	remodelling	process	70	
beyond	that	seen	with	medical	treatment.		71	
	72	
Evidence	of	reverse	LV	remodelling,	following	CR	exercise	training	in	post-MI	patients	is	73	
currently	equivocal
8
.	A	number	of	longitudinal	studies	have	shown	a	positive	effect	
9-11
,	74	
reporting	reduced	LV	end	diastolic	volume	(LVEDV),	LV	end	systolic	volume	(LVESV),	improved	75	
LVEF	and	reduced	N-terminal-pro-B-type	natriuretic	peptide	(NT-pro-BNP).	However,	76	
conflicting	data	also	exist	
12,	13
,	and	the	conclusions	of	a	recent	meta-analysis	which	showed	an	77	
overall	beneficial	effect	of	CR	exercise	training	on	LV	remodelling,	were	limited	by	the	poor	78	
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methodological	quality	of	some	of	the	included	studies
8
.		To	date,	CR	exercise	training	studies	79	
have	focused	almost	exclusively	on	patients	with	moderate	to	severe	impairment	of	LV	systolic	80	
function	(LVEF	≤45%).	This	group	of	patients	are	commonly	limited	by	their	condition	and	are	81	
thus	obvious	candidates	for	CR	exercise	training.	However,	advancement	in	percutaneous	82	
coronary	artery	revascularisation	technology	with	rapid	24	hr	access,	greater	sensitivity	of	83	
cardiac	biomarkers	and	increased	public	awareness	of	chest	pain	management	have	led	to	an	84	
increasingly	prevalent	population	of	asymptomatic	MI	survivors	with	preserved	LV	systolic	85	
function	(LVEF>45%)
14,	15
.		In	the	absence	of	significant	functional	limitation,	these	patients	can	86	
be	quickly	reintegrated	into	daily	life,	making	their	attendance	on	CR	exercise	programmes	less	87	
likely.		This	may	be	ill	advised	given	that	15%	of	these	patients	will	die	or	be	hospitalised	with	88	
heart	failure	within	20	months	of	MI
16
.	Exercise	training	may	be	an	effective	preventative	89	
strategy,	ameliorating	the	negative	effects	of	chronic	LV	remodelling.	Yet,	the	impact	of	CR	90	
exercise	training	on	LV	structure	and	function	has	not	been	studied	in	this	group	of	patients.	91	
Therefore,	the	purpose	of	the	current	study	was	to	investigate	the	effect	of	CR	exercise	92	
training	on	LV	structure	and	function	in	post-MI	patients	with	preserved	LVEF	(>45%).	It	was	93	
hypothesised	that	10	weeks	of	CR	exercise	training	would	reduce	LV	volumes	and	increase	94	
LVEF	in	addition	to	improving	functional	capacity.	95	
96	
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Methods	96	
Study	population	and	protocol	97	
A	total	of	58	consecutive	male	participants	were	recruited	to	the	study.		An	exercise	training	98	
group	was	populated	by	those	who	attended	CR	(n=36)	and	a	non-exercise	group	by	those	who	99	
were	demographically	and	clinically	similar	to	the	exercise	group	but	were	unable	to	attend	100	
structured	CR	due	to	work	or	personal	commitments	(n=20)	(table	1).		Participants	were	101	
clinically	stable	(in	accordance	with	guidelines
17
)	following	treatment	for	an	acute	MI	at	least	102	
three,	but	not	more	than	six	weeks	previously.	All	participants	had	LVEF	>45%	and	were	non-103	
ischemic	and	asymptomatic	following	successful	percutaneous	coronary	intervention.	104	
Participants	who	did	not	meet	guidelines	for	inclusion	in	exercise	training,
17
	or	who	had	105	
significant	limiting	comorbidities	were	excluded.		Both	groups	were	advised	on	a	cardio-106	
protective	lifestyle	including	general	physical	activity.	Approval	was	gained	from	the	local	107	
Research	and	Ethics	Committee	and	informed	consent	was	obtained.	Prior	to	and	on	108	
completion	of	a	10-week	supervised	exercise	training	programme	or	non-exercise	control	109	
period,	transthoracic	echocardiography	and	cardiopulmonary	exercise	testing	were	110	
undertaken	in	all	study	participants.	In	addition,	resting	whole	blood	samples	for	the	111	
assessment	of	NT-pro-BNP	were	obtained	in	a	sub-group	(n=21)	of	exercise	training	112	
participants	at	the	start	and	the	end	of	the	10	week	programme.	113	
		114	
Cardiopulmonary	exercise	testing	115	
Cardiopulmonary	exercise	testing	was	performed	in	accordance	with	the	American	Thoracic	116	
Society	guidelines
18
.	Briefly,	a	standard	ramp	protocol	was	conducted	on	an	electronically	117	
braked,	upright	cycle	ergometer	and	continuous	respiratory	gas	exchange	measurements	of	118	
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oxygen	uptake	(VO2),	carbon	dioxide	production	(VCO2)	and	minute	ventilation	(VE)	were	119	
recorded	(Oxycon	Pro,	Care	Fusion	Corp.,	San	Diego,	California,	USA).	Electrocardiogram,	blood	120	
pressure	and	rating	of	perceived	exertion	(RPE)	were	monitored	throughout	and	participants	121	
were	encouraged	to	continue	until	symptom	limited	volitional	fatigue,	with	a	respiratory	122	
exchange	ratio	of	>1.15	indicating	maximal	effort.	123	
	124	
Echocardiography	125	
Resting	echocardiographic	images	were	acquired	in	accordance	with	British	Society	of	126	
Echocardiography	guidelines
19
	by	a	single	cardiac	sonographer,	blinded	to	group	allocation.		A	127	
commercially	available	ultrasound	system	(Vivid	7,	GE	Medical	Systems,	Horten,	Norway)	was	128	
used	to	obtain	and	store	images	for	subsequent	off-line	analysis	(Echo-pac,	GE	Medical	129	
Systems,	Horten,	Norway,	version	7.0.0).	Left	ventricular	internal	dimensions	and	wall	130	
thicknesses	were	measured	from	the	parasternal	long	axis	view,	and	LV	volumes	calculated	131	
using	the	Simpson’s	bi-plane	method	from	apical	two	and	apical	four-chamber	images.	Peak	132	
early	(E)	and	late	(A)	mitral	inflow	velocity,	and	the	E-wave	deceleration	time	(DT)	were	133	
measured	with	pulse	wave	Doppler	in	the	apical	four-chamber	view,	and	the	E/A	ratio	134	
calculated.			Finally,	tissue	Doppler	imaging	of	the	septal	and	lateral	mitral	annuli	in	the	apical	135	
four-chamber	view	was	employed	to	quantify	systolic	(s’),	early	diastolic	(e’)	and	late	diastolic	136	
(a’)	peak	mitral	annulus	tissue	velocities.	137	
	138	
Measurement	of	cardiac	biomarkers	139	
Serum	was	obtained	from	whole	blood	samples	collected	into	ethylene	diamine	teracetic	acid	140	
tubes	via	peripheral	venepuncture.		Clotted	samples	were	centrifuged	at	3000rpm	for	10	min	141	
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and	stored	at	-80	deg	C.		NT-pro-BNP	was	determined	using	the	Immulite	2500	142	
electrochemiluminescent	immunoassay	(Siemens	Healthcare	Diagnostics,	Frimley,	UK)	with	a	143	
linear	calibration	range	of	20	to	35,000	pg/mL.		144	
	145	
Exercise	training	146	
Participants	attended	University	Hospital,	Coventry	twice	weekly	for	10	weeks	with	an	147	
adherence	rate	of	85%	(17	of	20	sessions)	designated	as	the	required	standard	for	inclusion.		148	
Cardiovascular	exercise	was	split	equally	between	treadmill,	cycle	ergometer,	rowing	machine	149	
and	cross-trainer.	A	10	min	treadmill	or	cycle	warm	up	was	followed	initially	by	25	min	of	150	
continuous	cardiovascular	exercise.		A	5	min	cool	down	walk	was	performed	prior	to	and	on	151	
completion	of	a	standardised	resistance	training	programme	as	previously	described
17
.	Aerobic	152	
exercise	intensity	was	initially	set	at	a	heart	rate	corresponding	to	60-80%	peak	oxygen	uptake	153	
(VO2	peak)	from	cardiopulmonary	exercise	test	and	after	two	sessions	the	supervisory	team	154	
ensured	that	participants	were	exercising	at	a	heart	rate	equivalent	to	80%	VO2	peak.	Exercise	155	
intensity	and	training	heart	rate	range	were	re-prescribed	every	two	weeks	based	on	RPE.		The	156	
duration	of	exercise	was	progressively	increased	from	25	to	40	min	by	the	fifth	week	and	was	157	
maintained	thereafter	until	the	end	of	the	study.	158	
	159	
Statistical	analyses	160	
Baseline	characteristics	and	continuous	variables	are	presented	as	mean	±	standard	deviation	161	
(SD).	Differences	between	the	exercise	training	and	non-exercise	group	at	baseline	were	162	
determined	using	unpaired	Student’s	t-tests.	Further	to	confirmation	of	normality	with	the	163	
Kolmogorov-Smirnov	test,	the	change	in	outcome	variables	by	group	over	time	was	assessed	164	
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with	either	a	two-way	mixed	model	analysis	of	variance	(ANOVA)	or	paired	Student’s	t-tests.		165	
Pearson’s	product-moment	correlation	coefficient	was	used	to	determine	relationships	166	
between	the	relative	change	(∆)	in	NT-pro-BNP	and	the	absolute	change	(∆)	in	LV	volumetric	167	
parameters	over	the	10	week	period.	168	
169	
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Results	169	
Recruitment	170	
Of	the	36	participants	in	the	exercise	training	group,	33	completed	≥	17	of	20	sessions	during	171	
the	training	period	with	an	average	attendance	of	88.3%.		Two	participants	were	lost	to	follow-172	
up	and	one	failed	to	meet	the	minimum	adherence	target.		In	the	non-exercise	group,	a	173	
further	three	participants	were	lost	to	follow	up.	Accordingly,	data	from	50	participants	174	
(exercise	training,	n=33	and	non-exercise,	n=17)	was	analysed	to	assess	the	effects	of	CR	175	
exercise	training	on	LV	structure	and	function.		Baseline	demographic	and	clinical	176	
characteristics	were	similar	between	groups	(table	1),	medication	remained	unchanged	during	177	
the	study	period,	and	no	cardiovascular	complications	or	other	adverse	effects	were	178	
experienced	by	the	participants.		179	
	180	
Cardiopulmonary	Exercise	Testing	181	
In	comparison	to	the	non-exercise	group,	maximum	workload	(Wmax),	VO2	peak,	ventilatory	182	
threshold	(VT)	and	exercise	time	increased	in	response	to	exercise	training	(all	P<0.05)	(table	183	
2).	In	the	exercise	training	group,	VO2	peak	increased	by	16%,	Wmax	by	19%,	VT	by	18%,	and	184	
exercise	time	by	16%	(all	P<0.0001)	(table	2).	In	the	non-exercise	group,	no	changes	were	185	
noted.	Furthermore,	there	were	no	statistical	differences	in	body	mass	index	(BMI),	resting	186	
heart	rate	(HRrest),	systolic	blood	pressure	(BPsys)	or	diastolic	blood	pressure	(BPdia)	in	either	187	
group	between	baseline	and	post-study	measures	(table	2).	188	
	189	
	190	
	191	
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Effect	of	cardiac	rehabilitation	exercise	training	on	left	ventricular	structure	and	function	192	
On	completion	of	the	exercise	training	programme,	LVEDV	and	LVEDV/BSA	(both	P<0.05),	and	193	
LVESV	and	LVESV/BSA	(both	P<0.01)	were	decreased	in	comparison	to	the	non-exercise	group.	194	
As	depicted	in	figure	1,	10	weeks	of	exercise	training	resulted	in	a	5%	reduction	in	LVEDV	and	195	
LVEDV/BSA	(both	P<0.001)	and	a	9%	reduction	in	LVESV	and	LVESV/BSA	(both	P<0.001),	196	
whereas	volumetric	parameters	remained	unchanged	in	the	non-exercise	group	(P>0.05).	No	197	
changes	in	either	group	were	observed	in	LV	linear	dimensions,	mass	or	geometry	during	the	198	
study	period	(P>0.05).	Furthermore,	the	exercise	training	programme	had	no	impact	on	199	
systolic	or	diastolic	function	(table	3).	200	
	201	
Relationship	between	NT-pro-BNP	and	left	ventricular	volumetric	parameters	202	
In	the	sub	group	of	exercise	training	participants	(n=21),	resting	NT-pro-BNP	was	significantly	203	
reduced	further	to	completion	of	the	10	week	programme	(267	±	232	vs	158	±	121	pg/mL,	204	
P<0.01).	Additionally,	the	relative	change	in	resting	NT-pro-BNP	(%)	from	baseline	to	10	weeks	205	
correlated	positively	with	the	absolute	change	in	LVEDV	(ml)	(r	=	0.58,	P<0.01,	r
2
	=	0.33)	(figure	206	
2).	There	was	no	significant	relationship	between	the	relative	change	in	NT-pro-BNP	and	the	207	
absolute	change	in	either	LVESV	(r	=	0.10,	P>0.05,	r
2
	=	0.01)	or	LVEF	(r	=	0.17,	P>0.05,	r
2
	=	0.03)	208	
(figure	2).		209	
	210	
211	
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Discussion	211	
The	aim	of	the	present	study	was	to	evaluate	the	reverse	remodelling	effect	of	CR	exercise	212	
training	in	a	cohort	of	post-MI	patients	with	preserved	LVEF	(>45%).	We	hypothesised	that,	in	213	
addition	to	an	improvement	in	functional	capacity,	LV	volumes	would	be	reduced	and	LVEF	214	
increased.	The	primary	findings,	which	allow	our	hypotheses	to	be	partially	accepted,	were	an	215	
improvement	in	exercise	capacity	and	a	reduction	in	LV	volumes	in	response	to	CR	exercise	216	
training.		Specifically,	VO2	peak	improved	by	16%,	with	a	concurrent	5%	and	9%	reduction	in	217	
LVEDV	and	LVESV	respectively.	Given	the	association	between	reduced	LV	volumes	and	218	
improved	clinical	outcome
6
	these	data	provide	additional	impetus	to	recommend	CR	exercise	219	
training	to	post-MI	patients	with	preserved	EF.		220	
	221	
Reverse	volumetric	remodelling	with	CR	exercise	training	222	
In	patients	with	significant	LV	systolic	dysfunction,	a	reduction	in	LV	volumes	is	highly	223	
desirable,	demonstrating	a	clear	relationship	with	improved	survival	
16
.	Whilst	data	confirming	224	
this	association	are	primarily	derived	from	pharmacological	rather	than	exercise	trials,		CR	225	
exercise	training	has	consistently	been	shown	to	reduce	cardiovascular	and	all-cause	mortality	226	
in	patients	with	MI	
20
.	The	mechanisms	responsible	for	this	remain	to	be	fully	confirmed,	but	227	
are	likely	to	include	both	structural	and	functional	cardiac	adaptation.		The	reduction	in	LV	228	
volumes	observed	in	the	current	study	confirm	findings	from	a	recent	meta-analysis	which,	229	
although	not	providing	a	causative	link	between	reverse	LV	remodelling	and	mortality,	230	
reported	a	positive	effect	of	exercise	training	on	LV	volumes	in	post-MI	patients	with	impaired	231	
LVEF
8
.	Unique	to	the	current	study	is	evidence	of	reverse	LV	remodelling	in	post-MI	patients	232	
with	preserved	LVEF	(>45%).	In	this	population,	where	LV	volumes	are	within	normal	limits,	the	233	
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significance	of	reverse	volumetric	LV	remodelling,	whether	it	be	medically	mediated	or	234	
exercise-induced,	is	yet	to	be	fully	evaluated.	However,	it	is	possible	that	improved	prognosis	235	
as	a	result	of	reduced	LV	volumes	may	not	be	exclusive	to	those	with	pronounced	LV	systolic	236	
dysfunction,	rather,	it	may	also	extend	to	less	compromised	patients.	Abnormal	237	
hemodynamics	following	MI	are	a	product	of	the	pathological	imbalance	between	LV	238	
pressures,	cavity	dimensions	and	wall	thicknesses	and	can	result	in	functional	impairment	
21
.	239	
Ultimately,	left	untreated,	this	may	lead	to	a	progressive	decline	in	cardiac	function	and	240	
exercise	capacity,	with	resultant	prognostic	implications	
6
.	Recent	reports	have	indicated	that,	241	
despite	preserved	function,	15%	of	post-MI	patients	with	LVEF	>45%	will	die	or	be	admitted	to	242	
hospital	with	heart	failure	within	20	months	of	their	event
16
.	For	these	patients,	a	reduction	in	243	
LV	volumes	may	provide	the	environment	for	the	maintenance,	or	restoration,	of	more	244	
‘normal’	LV	hemodynamics	and	may	prevent	a	progressive	decline	in	LV	function.	On	this	basis,	245	
asymptomatic	patients	with	normal	LV	volumes	and	preserved	LVEF,	who	are	likely	to	return	246	
relatively	quickly	and	seamlessly	to	activities	of	daily	living	and	work,	should	be	encouraged	to	247	
participate	fully	in	supervised	CR	exercise	training.	248	
	249	
NT-pro-BNP	as	an	indicator	of	reverse	volumetric	remodelling	250	
The	higher	concentration	of	NT-pro-BNP	observed	prior	to	exercise	training	in	the	current	251	
study	likely	reflects	a	degree	of	hemodynamic	compromise	and	increased	LV	wall	stress	
22
.		252	
Raised	NT-pro-BNP	is	related	to	a	worse	prognosis	throughout	the	spectrum	of	cardiac	253	
disease
14
.	The	significant	decrease	in	NT-pro-BNP	observed	following	CR	exercise	training	is	254	
indicative	of	an	improvement	in	the	overall	neurohormonal	and	hemodynamic	environment.	255	
The	positive	correlation	of	this	change	in	NT-pro-BNP	with	a	reduction	in	LV	volumes	may	256	
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suggest	that	this	biomarker	could	be	used	as	a	simple,	cheap	and	effective	measure	of	reverse	257	
LV	remodelling	following	CR	exercise	training.	Similar	associations	have	been	previously	258	
reported.	Giallauria	and	colleagues	demonstrated	a	positive	correlation	between	changes	in	259	
NT-pro-BNP	and	LVEDVI	(r=0.86,	P<0.001)	in	patients	with	significant	LV	systolic	dysfunction	260	
(LVEF<45%)
11
.	Furthermore,	reduced	NT-pro-BNP	was	shown	to	correlate	with	improved	early	261	
diastolic	filling	(E-wave)	(r=	-0.44,	P<0.001)
11
,		E/A	ratio	(r=	-0.59,	P<0.001)
23
	and	LV	elastance	262	
(r=	-0.58,	P<0.01)
24
.	The	direct	and	indirect	molecular	and	cellular	adaptations	associated	with	263	
exercise	training	likely	reduce	LV	wall	stress	and,	therefore,	NT-pro-BNP.	Although	we	did	not	264	
witness	an	improvement	in	diastolic	filling	as	demonstrated	previously
11,23
	,	this	may	be	265	
explained	by	the	fact	that	diastolic	function	was	relatively	well	preserved	in	our	patients	266	
following	MI.	Unlike	LVEDV,	there	was	no	association	between	the	changes	in	NT-pro-BNP	and	267	
either	LVESV	or	LVEF.		This	is	a	reflection	of	the	mechanism	of	NT-pro-BNP	secretion,	for	which	268	
the	predominant	stimulus	is	cardiac	myocyte	‘stretch’
22
.	Further	to	MI,	regional	and	global	LV	269	
dysfunction	can	lead	to	increased	LV	diastolic	filling	pressures	and	volume	overload,	promoting	270	
the	release	of	NT-pro-BNP
26
.		The	very	nature	of	this	biomarker,	therefore,	means	it	is	better	271	
suited	to	evaluating	changes	in	LVEDV.		Rather	than	diminish	the	utility	of	NT-pro-BNP	in	the	272	
CR	setting,	this	observation	may	allow	targeted	evaluation	of	a	specific	and	important	marker	273	
of	LV	remodelling.	274	
	275	
Reverse	functional	remodelling	with	CR	exercise	training	276	
The	positive	change	in	LV	volumes	in	the	present	study	was	not	accompanied	by	a	change	in	277	
functional	parameters,	i.e.	SV	and	LVEF.	These	data	do	not,	therefore,	corroborate	previous	278	
findings	of	the	coexistence	of	volumetric	and	functional	adaptation
8
.		Haykowsky	et	al	279	
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reported	improvements	in	both	LV	volumes	(LVEDV	and	LVESV)	and	LVEF	with	CR	exercise	280	
training.	In	the	current	study,	however,	within	group	analysis	did	indicate	an	improvement	in	281	
LVEF	in	the	exercise	training	group	(P=0.011),	whilst	there	was	no	change	in	the	non-exercise	282	
group.	It	is	likely	that	with	greater	statistical	power	the	between	groups	comparison	of	LVEF	283	
may	have	proved	significant.	Alternatively,	the	mild	impairment	of	LVEF	in	this	cohort,	as	284	
opposed	to	the	marked	dysfunction	in	previous	studies	may,	by	definition,	dictate	limited	285	
scope	for	improvement.	286	
	287	
Mechanisms	facilitating	reverse	LV	remodelling	288	
Current	knowledge	of	the	underpinning	mechanisms	promoting	reverse	LV	remodelling	with	289	
medical	therapy	and	exercise	training	is	limited,	although	recent	animal	and	human	290	
investigation	has	provided	some	insight	into	molecular	and	cellular	adaptation.		There	is	good	291	
evidence,	however,	of	the	counteractive	effect	of	exercise	training	on	the	associated	292	
compensatory	neurohormonal	mechanisms
27
.	It	is	well	known	from	pharmacological	trials	that	293	
suppression	of	these	mechanisms	can	reduce	their	destructive	effects	
28-30
.	This	appears	to	be	294	
important	in	preventing	the	progression	of	maladaptive	LV	remodelling.	In	addition,	in	295	
combination	with	specific	vascular	adaptation	to	exercise	i.e.	improved	endothelial	function,	296	
reduced	neurohormonal	activation	contributes	to	the	normalisation	of	LV	afterload	
31,	32
.	It	is	297	
likely	that	this	helps	restore	normal	LV	loading	conditions	and	thus	facilitates	the	process	of	298	
reverse	LV	remodelling.	The	magnitude	of	this	effect,	however,	may	prove	less	significant	than	299	
originally	thought,	in	light	of	findings	from	recent	animal	investigations
33
.	The	direct	effect	of	300	
exercise	training	on	the	myocardium	has	been	demonstrated	in	a	number	of	animal	models	301	
and	is	increasingly	verified	as	a	key	contributor	to	the	process	of	reverse	LV	remodelling
34-37
.	A	302	
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plethora	of	exercise	induced,	biomolecular	adaptations	interfere	with	maladaptive	signalling	303	
pathways	which	results	in	attenuation	of	hypertrophy,	fibrosis	and	apoptosis.	It	is,	therefore,	304	
likely	that	the	reverse	remodelling	effect	attributed	to	CR	exercise	training	in	the	current	305	
study,	is	a	result	of	the	combined	influence	of	these	and	as	of	yet	unidentified	processes.		306	
	307	
Limitations	of	the	current	study	warrant	discussion.		Firstly,	due	to	ethical	constraints,	308	
participants	were	not	assigned	randomly	to	exercise	training	or	non-exercise.	Secondly,	sample	309	
size	was	relatively	small,	particularly	in	the	non-exercise	group.	Finally,	the	study	population	310	
was	exclusively	male	reflecting	a	very	small	percentage	of	female	patients	in	this	CR	population	311	
as	a	whole.	Future	randomised	studies	to	confirm	our	results	are	recommended.	312	
	313	
Conclusions	314	
Ten	weeks	of	CR	exercise	training	improved	functional	capacity	and	had	a	reverse	LV	315	
remodelling	effect	in	the	previously	unstudied	population	of	post-MI	patients	with	relatively	316	
preserved	LVEF	(>45%).		Not	only	does	this	serve	to	confirm	the	general	therapeutic	benefit	of	317	
CR	exercise	training,	but	may	also	indicate	the	potential	contribution	of	cardiac	adaptation	to	318	
the	well	documented	reductions	in	cardiovascular	and	all-cause	mortality.	To	date,	these	319	
improvements	can	be	only	partially	explained	by	data	relating	to	ventilatory,	skeletal	muscle	320	
and	vascular	endothelial	adaptation.	The	measurement	of	reverse	LV	remodelling,	which	may	321	
be	adequately	quantified	with	NT-pro-BNP,	may	prove	useful	as	an	indicator	of	CR	exercise	322	
programme	efficacy	and	may	aid	in	the	long-term	management	of	the	post-MI	population.	323	
Patients	with	normal	LV	volumes	and	preserved	LVEF,	who	may	otherwise	resume	normal	daily	324	
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activities	at	the	expense	of	CR,	should	be	actively	encouraged	to	attend	structured	CR	exercise	325	
programmes	to	maximise	the	potential	clinical	gains	from	reverse	LV	remodelling.		326	
	327	
328	
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	328	
	329	
	330	
Figure	1.	Left	ventricular	(LV)	volumetric	parameters	at	baseline	(dark	grey	bars)	and	at	10	weeks	(light	331	
grey	bars)	in	the	exercise	training	group	(solid	bars)	and	non-exercise	group	(striped	bars)	(a)	LV	end	332	
diastolic	volume	(ml)	(b)	LV	end	diastolic	volume/BSA	(ml/cm
2
),	(c)	LV	end	systolic	volume	(ml),	(d)	LV	333	
end	systolic	volume/BSA	(ml/cm
2
),	(e)	LV	ejection	fraction	(%).	Data	as	mean	±	SD.	‡	P<0.05	group	×	time	334	
interaction	effect	(ANOVA),	***P<0.001	335	
336	
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	336	
Figure	2.	Correlation	between	the	relative	change	(∆)	in	NT-pro-BNP	(%)	and	the	absolute	change	(∆)	in	337	
left	ventricular	(LV)	(a)	end	diastolic	volume	(EDV)	(ml),	(b)	end	systolic	volume	(ESV)	(ml)	and	(c)	338	
ejection	fraction	(EF)	(%)	in	the	exercise	training	group339	
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Table	1	Demographic,	clinical	and	exercise	test	parameters	at	baseline	and	10	weeks	340	
	 	 Exercise	training	(n=33)	 	 Non-exercise	(n=17)	
	 	 Baseline	 Week	10	 	 Baseline	 Week	10	
Demographics	 	 	 	 	 	 	
Male	gender	(%)	 	 							100	 								-	 	 							100	 									-	
Age	(yrs)	 	 	55.8	±	9.2	 								-	 	 	56.2	±	10.8	 									-	
Height	(m)	 	 			1.7	±	0.1	 								-	 	 			1.8	±	0.1	 									-	
Body	mass	(kg)	 	 	82.7	±	10.2	 83.1	±	10.5	 	 	90.4	±	14.2	 	90.5	±	14.3	
BMI	(kg/m
2
)	 	 	27.4	±	2.6	 27.6	±	2.7	 	 	29.2	±	4.1	 	27.6	±	2.7	
BSA	(m
2
)	 	 			2.0	±	0.1	 		2.0	±	0.1	 	 			2.1	±	0.2	 			2.1	±	0.2	
Clinical	 	 	 	 	 	 	
STEMI	(n)	 	 								20	 								-	 	 								13	 									-	
NSTEMI	(n)	 	 								13	 								-	 	 									4	 									-	
Time	post	MI	(days)	 	 	33.7	±	8.9	 								-	 	 	35.7	±	7.7	 									-	
HRrest	(bpm)	 	 				59	±	8	 			58	±	7	 	 				56	±	7	 				56	±	7	
BPsys	(mmHg)	 	 		113	±	17	 	110	±	16	 	 		118	±	12	 		117	±	12	
BPdia	(mmHg)	 	 				71	±	8	 			71	±	8	 	 				70	±	9	 				70	±	9	
Exercise	test	 	 	 	 	 	 	
VO2	peak	(L.min
-1
)	†	‡	 	 			2.0	±	0.4	 		2.3	±	0.4****	 	 			1.9	±	0.4	 			1.8	±	0.5	
VO2	peak	(ml.kg
-1
.min
-1
)		†	‡	 	 	24.0	±	4.1	§	 27.5	±	4.6****	 	 	20.8	±	3.1	 	20.2	±	4.1	
Wmax	(watts)	†	‡	 	 		148	±	27	 	175	±	30****	 	 		146	±	28	 		150	±	31	
VT	(ml.kg
-1
.min
-1
)	†	‡	 	 	12.5	±	2.8	 14.6	±	3.5****	 	 	11.2	±	1.7	 	10.8	±	2.3	
Exercise	time	(mins)	†	‡	 	 			8.6	±	1.0	 		9.9	±	1.2****	 	 			8.3	±	1.4	 			8.2	±	2.7	
	341	
Data	as	mean	±	SD.	BMI,	body	mass	index;	BSA,	body	surface	area;	STEMI,	ST	elevation	myocardial	342	
infarction;	NSTEMI,	non	ST	elevation	myocardial	infarction;	MI,	myocardial	infarction;	HRrest,	resting	343	
heart	rate;	BPsys,	systolic	blood	pressure;	BPdia,	diastolic	blood	pressure;	VO2	peak,	peak	oxygen	uptake;	344	
Wmax,	maximum	workload;	VT,	ventilatory	threshold.	§	P<0.05	vs.	non-exercise	at	baseline,	†	P<0.05	345	
time	effect	(ANOVA),	‡	P<0.05	group	×	time	interaction	effect	(ANOVA),	****P<0.0001	vs.	baseline346	
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Table	2	Left	ventricular	structural	parameters	at	baseline	and	10	weeks	347	
	 	 Exercise	training	(n=33)	 	 Non-exercise	(n=17)	
	 	 Baseline	 Week	10	 	 Baseline	 Week	10	
LV	size	 	 	 	 	 	 	
LVIDd	(cm)	 	 				4.8	±	0.5	 			4.8	±	0.5	 	 				4.9	±	0.5	 				4.9	±	0.5	
LVIDs	(cm)	 	 				3.2	±	0.5	 			3.3	±	0.5	 	 				3.4	±	0.6	 				3.4	±	0.5	
LVIDd/BSA	(cm/m
2
)	 	 				2.2	±	0.6	 			2.4	±	0.2	 	 				2.4	±	0.6	 				2.4	±	0.2	
LVIDs/BSA	(cm/m
2
)	 	 				1.7	±	0.3	 			1.7	±	0.2	 	 				1.6	±	0.3	 				1.7	±	0.2	
LV	mass	and	geometry	 	 	 	 	 	 	
LV	mass	(g)	 	 			209	±	46	 		217	±	57	 	 			234	±	51	 			217	±	45	
IVSd	(cm)	 	 				1.3	±	0.2	 			1.3	±	0.2	 	 				1.4	±	0.3	 				1.3	±	0.2	
LVPWd	(cm)	 	 				1.1	±	0.2	 			1.1	±	0.2	 	 				1.1	±	0.2	 				1.1	±	0.2	
IVSs	(cm)	 	 				1.7	±	0.2	 			1.7	±	0.2	 	 				1.8	±	0.3	 				1.8	±	0.3	
LVPWs	(cm)	 	 				1.5	±	0.3	 			1.5	±	0.2	 	 				1.5	±	0.3	 				1.5	±	0.3	
RWT	(cm)	 	 		0.45	±	0.08	 	0.45	±	0.08	 	 		0.46	±	0.11	 		0.45	±	0.10	
LV	mass/BSA	(g/m
2
)	 	 			106	±	20	 		109	±	25	 	 			115	±	26	 			105	±	19	
	348	
Data	as	mean	±	SD.	LV,	left	ventricular;	LVIDd,	LV	internal	diameter	in	diastole;	BSA,	body	surface	area;	349	
LVIDs,	LV	internal	diameter	in	systole;	LVEDV,	LV	end	diastolic	volume;	LVESV,	LV	end	systolic	volume;	350	
IVSDd,	inter-ventricular	septal	wall	in	diastole;	LVPWd,	LV	posterior	wall	in	diastole;	IVSs,	inter-351	
ventricular	septum	in	systole;	LVPWs,	LV	posterior	wall	in	systole;	RWT,	relative	wall	thickness	352	
	353	
354	
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Table	3	Left	ventricular	functional	parameters	at	baseline	and	10	weeks	354	
	 	 Exercise	training	(n=33)	 	 Non-exercise	(n=17)	
	 	 Baseline	 Week	10	 	 Baseline	 Week	10	
LV	systolic	function		 	 	 	 	 	 	
Fractional	shortening	(%)	 	 		31.9	±	7.2	 	32.1	±	5.3	 	 		31.9	±	7.2	 		31.5	±	7.3	
Stroke	volume	(ml)	 	 		46.8	±	9.5	 	46.3	±	8.3	 	 		52.9	±	11.9	 		53.1	±	9.8	
Lateral	s’(cm/s)	 	 				8.1	±	2.9	 			8.3	±	2.4	 	 				9.1	±	2.3	 				8.5	±	3.0	
Mean	s’(cm/s)	 	 				8.0	±	1.9	 			8.0	±	1.6	 	 				8.4	±	1.6	 				8.1	±	2.0	
LV	diastolic	function	 	 	 	 	 	 	
E/A	ratio	 	 		1.15	±	0.33	 	1.06	±	0.24	 	 		1.14	±	0.36	 		1.17	±	0.37	
DT	(ms)	 	 			215	±	34	 		224	±	44	 	 			217	±	67	 			245	±	67	
Lateral	e’(cm/s)	 	 				9.5	±	3.3	 	10.0	±	3.1	 	 		10.0	±	3.3	 				9.8	±	2.9	
Lateral	a’(cm/s)	 	 				8.6	±	2.4	 			9.2	±	2.4	 	 				8.9	±	1.4	 				8.8	±	2.3	
Lateral	e’/a’	ratio	 	 				1.2	±	0.5	 			1.1	±	0.4	 	 				1.2	±	0.4	 				1.2	±	0.5	
Lateral	E/e’	ratio	 	 				7.3	±	2.6	 			6.6	±	2.0	 	 				6.6	±	2.0	 				6.2	±	2.8	
Mean	e’(cm/s)	 	 				8.1	±	2.3	 			8.6	±	2.1	 	 				8.9	±	2.4	 				8.8	±	2.1	
Mean	a’(cm/s)	 	 				8.9	±	1.6	 			9.2	±	1.3	 	 				8.9	±	1.2	 				8.6	±	1.9	
Mean	e’/a’	ratio	 	 				1.0	±	0.3	 			1.0	±	0.2	 	 				1.0	±	0.3	 				1.1	±	0.4	
Mean	E/e’	ratio	 	 				8.4	±	2.0	 			7.6	±	1.6	 	 				7.5	±	1.7	 				7.0	±	2.9	
	355	
Data	as	mean	±	SD.	s’,	peak	systolic	mitral	annulus	tissue	velocity;	E/A	ratio,	ratio	of	peak	early	356	
(E)	to	late	(A)	mitral	inflow	velocity;	DT,	rate	of	deceleration	of	early	mitral	inflow;	e’	peak	early	357	
diastolic	mitral	annulus	tissue	velocity;	a’,	peak	late	diastolic	mitral	annulus	tissue	velocity;	e’a’	358	
ratio,	ratio	of	peak	early	to	late	diastolic	mitral	annulus	tissue	velocity;	E/e’	ratio,	ratio	of	peak	359	
early	mitral	inflow	velocity	to	peak	early	diastolic	mitral	annulus	tissue	velocity;	IVRT,	iso-360	
volumic	relaxation	time.	†	P<0.05	time	effect	(ANOVA),	**P<0.01	vs.	baseline.	361	
362	
	 Cardiac	rehabilitation	exercise	training	and	reverse	LV	remodelling		
	
Page	|	23	
	
References	362	
1.	 Mann	DL,	Bogaev	R,	Buckberg	GD.	Cardiac	remodelling	and	myocardial	recovery:	lost	363	
in	translation?	Eur	J	Heart	Fail.	Aug	2010;12(8):789-796.	364	
2.	 Mann	DL,	Bristow	MR.	Mechanisms	and	models	in	heart	failure:	the	biomechanical	365	
model	and	beyond.	Circulation.	May	31	2005;111(21):2837-2849.	366	
3.	 Verma	A,	Meris	A,	Skali	H,	et	al.	Prognostic	implications	of	left	ventricular	mass	and	367	
geometry	following	myocardial	infarction:	the	VALIANT	(VALsartan	In	Acute	myocardial	368	
iNfarcTion)	Echocardiographic	Study.	JACC	Cardiovasc	Imaging.	Sep	2008;1(5):582-591.	369	
4.	 Maisel	A,	Mueller	C,	Adams	K,	Jr.,	et	al.	State	of	the	art:	using	natriuretic	peptide	levels	370	
in	clinical	practice.	Eur	J	Heart	Fail.	Sep	2008;10(9):824-839.	371	
5.	 Moller	JE,	Hillis	GS,	Oh	JK,	Reeder	GS,	Gersh	BJ,	Pellikka	PA.	Wall	motion	score	index	372	
and	ejection	fraction	for	risk	stratification	after	acute	myocardial	infarction.	Am	Heart	J.	Feb	373	
2006;151(2):419-425.	374	
6.	 Konstam	MA,	Kramer	DG,	Patel	AR,	Maron	MS,	Udelson	JE.	Left	ventricular	remodeling	375	
in	heart	failure:	current	concepts	in	clinical	significance	and	assessment.	JACC	Cardiovasc	376	
Imaging.	Jan	2011;4(1):98-108.	377	
7.	 Cho	H,	Barth	AS,	Tomaselli	GF.	Basic	science	of	cardiac	resynchronization	therapy:	378	
molecular	and	electrophysiological	mechanisms.	Circ	Arrhythm	Electrophysiol.	Jun	1	379	
2012;5(3):594-603.	380	
8.	 Haykowsky	M,	Scott	J,	Esch	B,	et	al.	A	meta-analysis	of	the	effects	of	exercise	training	381	
on	left	ventricular	remodeling	following	myocardial	infarction:	start	early	and	go	longer	for	382	
greatest	exercise	benefits	on	remodeling.	Trials.	2011	2011;12:92.	383	
	 Cardiac	rehabilitation	exercise	training	and	reverse	LV	remodelling		
	
Page	|	24	
	
9.	 Giallauria	F,	Galizia	G,	Lucci	R,	et	al.	Favourable	effects	of	exercise-based	Cardiac	384	
Rehabilitation	after	acute	myocardial	infarction	on	left	atrial	remodeling.	Int	J	Cardiol.	Aug	21	385	
2009;136(3):300-306.	386	
10.	 Giannuzzi	P,	Temporelli	PL,	Corra	U,	Gattone	M,	Giordano	A,	Tavazzi	L.	Attenuation	of	387	
unfavorable	remodeling	by	exercise	training	in	postinfarction	patients	with	left	ventricular	388	
dysfunction:	results	of	the	Exercise	in	Left	Ventricular	Dysfunction	(ELVD)	trial.	Circulation.	Sep	389	
16	1997;96(6):1790-1797.	390	
11.	 Giallauria	F,	Cirillo	P,	Lucci	R,	et	al.	Left	ventricular	remodelling	in	patients	with	391	
moderate	systolic	dysfunction	after	myocardial	infarction:	favourable	effects	of	exercise	392	
training	and	predictive	role	of	N-terminal	pro-brain	natriuretic	peptide.	Eur	J	Cardiovasc	Prev	393	
Rehabil.	Feb	2008;15(1):113-118.	394	
12.	 Kubo	N,	Ohmura	N,	Nakada	I,	et	al.	Exercise	at	ventilatory	threshold	aggravates	left	395	
ventricular	remodeling	in	patients	with	extensive	anterior	acute	myocardial	infarction.	Am	396	
Heart	J.	Jan	2004;147(1):113-120.	397	
13.	 Giallauria	F,	Lucci	R,	De	Lorenzo	A,	D'Agostino	M,	Del	Forno	D,	Vigorito	C.	Favourable	398	
effects	of	exercise	training	on	N-terminal	pro-brain	natriuretic	peptide	plasma	levels	in	elderly	399	
patients	after	acute	myocardial	infarction.	Age	Ageing.	Nov	2006;35(6):601-607.	400	
14.	 Kim	SA,	Rhee	SJ,	Shim	CY,	et	al.	Prognostic	value	of	N-terminal	probrain	natriuretic	401	
peptide	level	on	admission	in	patients	with	acute	myocardial	infarction	and	preserved	left	402	
ventricular	ejection	fraction.	Coron	Artery	Dis.	May	2011;22(3):153-157.	403	
15.	 Furman	MI,	Dauerman	HL,	Goldberg	RJ,	Yarzebski	J,	Lessard	D,	Gore	JM.	Twenty-two	404	
year	(1975	to	1997)	trends	in	the	incidence,	in-hospital	and	long-term	case	fatality	rates	from	405	
	 Cardiac	rehabilitation	exercise	training	and	reverse	LV	remodelling		
	
Page	|	25	
	
initial	Q-wave	and	non-Q-wave	myocardial	infarction:	a	multi-hospital,	community-wide	406	
perspective.	J	Am	Coll	Cardiol.	May	2001;37(6):1571-1580.	407	
16.	 Solomon	SD,	Skali	H,	Anavekar	NS,	et	al.	Changes	in	ventricular	size	and	function	in	408	
patients	treated	with	valsartan,	captopril,	or	both	after	myocardial	infarction.	Circulation.	Jun	409	
28	2005;111(25):3411-3419.	410	
17.	 AACVPR.	Guidelines	for	Cardiac	Rehabilitation	and	Secondary	Prevention	Programs-4th	411	
Edition	Champaign,	IL:	Human	Kinetics;	2003.	412	
18.	 Ross	RM.	ATS/ACCP	statement	on	cardiopulmonary	exercise	testing.	Am	J	Respir	Crit	413	
Care	Med.	May	15	2003;167(10):1451;	author	reply	1451.	414	
19.	 British	Society	of	Echocardiography.	A	minimum	dataset	for	a	standard	transthoracic	415	
echocardiogram.	London,	UK	2012.	416	
20.	 Lawler	PR,	Filion	KB,	Eisenberg	MJ.	Efficacy	of	exercise-based	cardiac	rehabilitation	417	
post-myocardial	infarction:	a	systematic	review	and	meta-analysis	of	randomized	controlled	418	
trials.	Am	Heart	J.	Oct	2011;162(4):571-584	e572.	419	
21.	 Mann	DL,	Barger	PM,	Burkhoff	D.	Myocardial	recovery	and	the	failing	heart:	myth,	420	
magic,	or	molecular	target?	J	Am	Coll	Cardiol.	Dec	18	2012;60(24):2465-2472.	421	
22.	 Ruskoaho	H.	Cardiac	hormones	as	diagnostic	tools	in	heart	failure.	Endocr	Rev.	Jun	422	
2003;24(3):341-356.	423	
23.	 Giallauria	F,	De	Lorenzo	A,	Pilerci	F,	et	al.	Reduction	of	N	terminal-pro-brain	(B-type)	424	
natriuretic	peptide	levels	with	exercise-based	cardiac	rehabilitation	in	patients	with	left	425	
ventricular	dysfunction	after	myocardial	infarction.	Eur	J	Cardiovasc	Prev	Rehabil.	Aug	426	
2006;13(4):625-632.	427	
	 Cardiac	rehabilitation	exercise	training	and	reverse	LV	remodelling		
	
Page	|	26	
	
24.	 Malfatto	G,	Branzi	G,	Osculati	G,	et	al.	Improvement	in	left	ventricular	diastolic	428	
stiffness	induced	by	physical	training	in	patients	with	dilated	cardiomyopathy.	J	Card	Fail.	May	429	
2009;15(4):327-333.	430	
25.	 Armstrong	W,	Ryan	T.	Feigenbaums's	Echocardiography.	Riverwoods,	IL:	Lippincott	431	
Williams	&	Wilkins;	2009.	432	
26.	 McGrath	MF,	de	Bold	AJ.	Determinants	of	natriuretic	peptide	gene	expression.	433	
Peptides.	Jun	2005;26(6):933-943.	434	
27.	 Gademan	MG,	Swenne	CA,	Verwey	HF,	et	al.	Effect	of	exercise	training	on	autonomic	435	
derangement	and	neurohumoral	activation	in	chronic	heart	failure.	J	Card	Fail.	May	436	
2007;13(4):294-303.	437	
28.	 St	John	Sutton	M,	Lee	D,	Rouleau	JL,	et	al.	Left	ventricular	remodeling	and	ventricular	438	
arrhythmias	after	myocardial	infarction.	Circulation.	May	27	2003;107(20):2577-2582.	439	
29.	 Koitabashi	N,	Kass	DA.	Reverse	remodeling	in	heart	failure--mechanisms	and	440	
therapeutic	opportunities.	Nat	Rev	Cardiol.	Mar	2012;9(3):147-157.	441	
30.	 Fraccarollo	D,	Galuppo	P,	Hildemann	S,	Christ	M,	Ertl	G,	Bauersachs	J.	Additive	442	
improvement	of	left	ventricular	remodeling	and	neurohormonal	activation	by	aldosterone	443	
receptor	blockade	with	eplerenone	and	ACE	inhibition	in	rats	with	myocardial	infarction.	J	Am	444	
Coll	Cardiol.	Nov	5	2003;42(9):1666-1673.	445	
31.	 Hambrecht	R,	Wolf	A,	Gielen	S,	et	al.	Effect	of	exercise	on	coronary	endothelial	446	
function	in	patients	with	coronary	artery	disease.	N	Engl	J	Med.	Feb	17	2000;342(7):454-460.	447	
32.	 Hambrecht	R,	Fiehn	E,	Weigl	C,	et	al.	Regular	physical	exercise	corrects	endothelial	448	
dysfunction	and	improves	exercise	capacity	in	patients	with	chronic	heart	failure.	Circulation.	449	
Dec	15	1998;98(24):2709-2715.	450	
	 Cardiac	rehabilitation	exercise	training	and	reverse	LV	remodelling		
	
Page	|	27	
	
33.	 Gielen	S,	Schuler	G,	Adams	V.	Cardiovascular	effects	of	exercise	training:	molecular	451	
mechanisms.	Circulation.	Sep	21	2010;122(12):1221-1238.	452	
34.	 Kemi	OJ,	Wisloff	U.	Mechanisms	of	exercise-induced	improvements	in	the	contractile	453	
apparatus	of	the	mammalian	myocardium.	Acta	Physiol	(Oxf).	Aug	2010;199(4):425-439.	454	
35.	 Schober	T,	Knollmann	BC.	Exercise	after	myocardial	infarction	improves	contractility	455	
and	decreases	myofilament	Ca2+	sensitivity.	Circ	Res.	Apr	13	2007;100(7):937-939.	456	
36.	 Kemi	OJ,	Ellingsen	O,	Ceci	M,	et	al.	Aerobic	interval	training	enhances	cardiomyocyte	457	
contractility	and	Ca2+	cycling	by	phosphorylation	of	CaMKII	and	Thr-17	of	phospholamban.	J	458	
Mol	Cell	Cardiol.	Sep	2007;43(3):354-361.	459	
37.	 McMullen	JR,	Amirahmadi	F,	Woodcock	EA,	et	al.	Protective	effects	of	exercise	and	460	
phosphoinositide	3-kinase(p110alpha)	signaling	in	dilated	and	hypertrophic	cardiomyopathy.	461	
Proc	Natl	Acad	Sci	U	S	A.	Jan	9	2007;104(2):612-617.	462	
	463	
	464	
	465	
	466	
Acknowledgements		467	
We	would	like	to	extend	our	thanks	to	the	Cardiac	Rehabilitation	team	at	University	Hospital,	468	
Coventry	for	their	expert	assistance	with	exercise	training	and	to	the	Pathology	team	for	469	
processing	the	blood	samples.			470	
	471	
